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Hiroshi Okada* & Michio Tamura* : Karyomorphological 
study on the Nymphaeales** 

mm t#*-EEitHt**: 

The order Nymphaeales, consisting of Nymphaeaceae, Nelumbonaceae and 
Ceratophyllaceae, is one of the most important groups for the systematic and 
phylogenetic consideration of the primitive angiosperms, and has been studied 
morphologically and taxonomically to considerable extent. Cytologically this 
group was investigated by Langlet & Soderberg (1927), Langlet (1936), Ohga 
et al. (1962), etc.', but the knowledge from this field is still insufficient. 

In the present article, the authors report on number and length of metaphase 
chromosomes and distribution patterns of chromatins at interphase nuclei and 
prophase chromosomes observed on 12 species belonging to 9 genera of Nym¬ 
phaeaceae, Nelumbonaceae and Ceratophyllaceae, and discuss their taxonomic 
and phylogenetic meaning. 

Materials and methods Sources of plant materials for this study are shown 
in Tab. 1. 

Preparations and observations were done in accordance with the method used 
in a previous study on the Ranunculaceae (Okada & Tamura 1979). But in 
Ceratophyllum which does not produce roots, juvenile leaves were used. The 
procedure of preparation for juvenile leaves was described in Okada (1975). It 
was confirmed on some other species that both methods using root tips and 
using juvenile leaves showed nearly the same results. Accordingly the features 
observed in Ceratophyllum can be compared with those in other species. 

Observations Number of chromosomes and length of the largest and the 
smallest metaphase chromosomes are shown in Tab. 1. 

Among the species observed the following 3 types on the chromatic struc¬ 
ture of the interphase nuclei and the distribution pattern of hetero- eu- and 
chromatins at the prophase chromosomes were recognized. 


* Department of Biology, College of General Education, Osaka University. 
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Tab. 1. Sources, and number and length of chromosomes 


Chr. length 
max.—min. (jam) 


Source 


Barclaya mottleyi 

Brasenia schreberi 

Cabomba caroliniana 

Ceratophyllum 

demersum 
var. quadrispinum 

Euryale ferox 


Telupid, Sabah, Malaysia 
Mt. Hira, Shiga Pref. 
cult, in Kyoto Univ. 


Adachi-ku, Tokyo Pref, 


Inami, Hyogo Pref. 

cult, in Bot. Gard. 
Osaka City Univ. 

cult, in Bot. Gard. 
Osaka City Univ. 

Sanda, Hyogo Pref. 

near Stirling, Scotland 


Nelumbo lutea 


Nuphar oguraense 


N. subintegerrimurn 


Nymphaea alba 


near Kota Kinabalu, 
Sabah, Malaysia 

Oze, Gumma Pref. 

cult, in Bot. Gard. 
Osaka City Univ. 


N. stellata 


N. tetragona 


Victoria crusiana 
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Type 1. Species observed: Barclaya mottleyi. 

Interphase nuclei: Chromatin is observed to be fibrous, and is distributed 
unevenly in a nucleus and loosely concentrated in 1 to a few regions. The 
chromatic regions stained rather uniformly. 

Prophase chromosomes: Stained almost uniformly and hetero- and euchro- 
matic segments are not distinguishable. 

Range of metaphase chromosome length: 1.5-3.5 /um. 

Type 2. Species observed: Victoria crusiana. 

Interphase nuclei: Chromatin is observed to be fibrous and is distributed 
unevenly in a nucleus as in Type 1. The chromatic regions are not stained 
uniformly, i. e., parts stained darkly, so-called condensed bodies, and those 
stained dilutely are distinguished in them. The condensed bodies are several, 
round-shaped and slightly different from each other in size. 

Prophase chromosomes: Hetero- and euchromatic segments are clearly 
distinguished. Several heterochromatic segments are situated at distal, inter¬ 
stitial and proximal parts in every chromosome arm. 

Range of metaphase chromosome length: 2-4 gvo.. 

Type 3. Species observed: Brasenia schreberi , Cabomba caroliniana, 
Ceratophyllum demersum var. quadrispinum, Euryale ferox, Nelumbo lutea, 
Nuphar oguraense, N. subintegerrimum, Nymphaea alba, N. stellata, N. 



Fig. 2. Interphase nuclei and somatic chromosomes of Type 2. Victoria crusiana. 
A: interphase. B: prophase. C: metaphase. X1800. 
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Fig. 3. Interphase nuclei and somatic chromosomes of Type 3. A-C. Nelumbo lutea. A, interphase. 
B, prophase. C, metaphase. D-F. Nuphar subintegerrimum. D, interphase. E, prophase. 
F, metaphase. G-I. Ceratophyllum demersum var. quadrispinum. G, interphase. H, 
prophase. T, metaphase. X1800. 
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tetragona. 

Interphase nuclei: Chromatin does not show the fibrous appearance and is 
distributed almost evenly in a nucleus in contrast with the former 2 types. 


, 

. * 




Fig. 4. Somatic metaphase chromosomes of Type 3. A. Nymphaea alba. B. N. stellata. 
N. tetragona. D. Euryale ferox. E. Nuphar oguraense. F. Brasenia schreberi. 
Cabomba caroliniana. x 1800. 
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Darkly stained parts, so-called condensed bodies, are distinguished from the 
dilutely stained base. The condensed bodies are numerous, upto ca 100, and 
round or rod-shaped, and all of them are nearly equal in size. But in Nelumbo, 
they are only 3 or 4 in number. 

Prophase chromosomes: Hetero- and euchromatic segments are clearly 
distinguished, and one heterochromatic segment is situated at proximal part in 
every chromosome arm. 

Range of metaphase chromosome length: In Nelumbo 1-3.5 j«m ; in Nuphar 
1-2 fjim ; in others 0.5-1.5 j«m. 

Discussion The chromosome numbers of the nymphaeaceous plants were 
reported by Langlet & Soderberg (1927), Langlet (1936), Ohga et al. (1962), 
etc. In the present study, the authors comfirmed the diploid numbers 2n = 16 
for Nelumbo, 2n = 24 for Nuphar, 2n = 34 for Victoria, 2n — 58 for Euryale, and 
2n = 80 for Brasenia. In each of these genera, all the species examined have 
the same chromosome number, though, except Brasenia and Euryale which are 
monotypic, numbers of the species are rather few. The genus Nuphar contains 
fairly many species, but their chromosome numbers are all 34 as far as examined. 

In Nymphaea, Cabomba and Ceratophyllum, the chromosome number shows 
a considerable range of variation and the polyploidal multiplication of chromo¬ 
some set is recognizable. The results of the present study give the support to 
the basic numbers x = 14 for Nymphaea, and x —12 for Cabomba and Ceratophyl¬ 
lum. In Nymphaea the chromosome number ranges from 2n = 28 (2 x) for N. 
capensis var. zanzibariensis and N. stellata (Langlet & Soderberg 1927) upto 
2n = 224 (16 x) for N. gigantea (Langlet 1936). 

The fact that the basic chromosome number is 12 in Cabomba and Cerato¬ 
phyllum may suggest a certain relationship between both genera. But, as a 
rule, the numerical relation is obscure among the basic chromosome numbers 
of the genera of Nymphaeales. It is also remarkable that the family Nymphaea- 
ceae includes both the genus stable in chromosome number such as Nuphar 
and the genus with a wide range of polyploidy such as Nymphaea. 

On the chromosome number of Barclaya, Langlet (1936) reported 2n=34 
for Barclaya sp. and Sokolovska & Melikyan (1964) did 2n = 36 for B. longifolia. 
The latter number is identical with that of B. mottleyi determined in the pre¬ 
sent study. At the present time it is uncertain whether there is an aneuploidal 
variation of the chromosome number in the genus or the report of Langlet is 
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erroneous. 

In the Nymphaeales, the chromosomes are small and it is dificult to show 
the karyotype exactly. Among them, Victoria crusiana has the largest chro¬ 
mosome set with chromosomes ranging from 4 /im to 2 ^m in length. The 
chromosome set of Barclaya mottleyi with chromosomes ranging from 3 n m to 
1.5 ^m and that of Nelumbo lutea with chromosomes 3.5 /am to 1 fim come 
next. In all other species examined, the chromosomes are between 2 ptm and 
0.5 ^m in length. 

Among the 3 types of karyomorphology found in the Nymphaeales, Type 1 
and Type 2 resemble each other in having the interphase nuclei in which 
chromatin is observed to be fibrous. Such a structure has been found neither 
in the Ranunculaceae nor in the woody Polycarpicae. Besides, the metaphase 
chromosomes of Barclaya mottleyi and Victoria crusiana, representing Type 1 
and Type 2 respectively, are comparatively large among the members of the 
Nymphaeales. These resemblances may show some relation between both 
genera. Victoria resembles Euryale in appearance, but both are different from 
each other in karyomorphology. This fact supports the opinion that Victoria 
and Euryale were derived through the different courses of evolution advanced 
by Miki (1960), Ueno & Kitaguchi (1961), Ueno (1962), etc. 

In Type 1, condensed bodies are not observed in the interphase nuclei and 
the prophase chromosomes are stained rather uniformly, while in Type 2 and 
Type 3 condensed boides are observed in the interphase nuclei and hetero- and 
euchromatic segments are distinguished in the prophase chromosomes. 

Among the genera with Type 3, Nelumbo is slightly different from others 
in having less (3 or 4) condensed bodies in the interphase nuclei and compar¬ 
atively large (1-3.5 /im) metaphase chromosomes. Accordingly, it may be bet¬ 
ter to distinguish the karyomorphology of Nulumbo from others as a subtype 
of Type 3. 

Type 3 resembles 3rd type of the Ranunculaceae and C type of the woody 
Polycarpicae. But this type is considered to be rather specialized in combining 
with small chromosomes, and genera which show this type of karyomorphology 
are classified in various taxonomic groups. 

The authors are grateful to Dr. Y. Tachibana and Mr. S. Otaki for the 
supply of materials. 
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